SUMMARY
INTRODUCTION
In newborn infants the use of nasotracheal tubes as artificial airways has virtually replaced tracheostomy, except for cases where upper airway obstruction is either permanent or such a long term problem that tracheostomy and management at home is indicated. Severe complications such as subglottic stenosis or permanent damage to the larynx have been reported (Lindholm 1969) , but in our experience are extremely rare. In more than 200 consecutive cases managed with tracheal intubation, we have seen only one case of subglottic stenosis, and this in a baby who was noted to have stridor and subglottic narrowing before intubation. Ulceration of the larynx and trachea has been observed after even brief periods of tracheal intubation (Jackson 1953 , Lu, Tamura and Koobs 1961 , Way and Sooy 1965 , Striker, Stool and Downes 1967 , Hilding 1971 , Rasche and Kuhns 1972 . The response of the respiratory mucosa to trauma is hypertrophy and transition to a multi-layered and eventually squamous epithelium (Wilhelm 1953 , Sanderud 1958 , Sara 1967 . Such squamous metaplasia has been described by others following prolonged tracheal intubation in infants (Symchych and Cadotte 1967, Rasche and Kuhns 1972) . This paper describes a study made of sections from the trachea and main bronchi in newborn infants.
MATERIAL
Between January 1970 and August 1972, 12 infants who died after a nasotracheal tube, inserted within the first two weeks of life, had been in place for more than one week were subjected to postmortem examination at The Prince of Wales Hospital. The specimens of larynx, trachea and main bronchi were preserved in 10 per cent formalin in saline. Similar specimens were obtained from three newborn infants who had died in the same period, one of whom had not been intubated, and two others intubated for resuscitation only. Two further infants who died after being intubated for mechanical ventilation for eight and ]:! hours respectively were also selected to act as short term intubation controls. This material was divided into four groups, as shown in Table 1 .
Group 1
Two infants who were intubated for resuscitation only and one not intubated.
Group 2
Two infants who were intubated for eight and I:! hours.
Group 3
Eight infants intubated for more than one week and who died with the tube in place.
Group 4
Four infants who were intubated for more than one week and then extubated who died at a later date. l\IETHODS The larvnx, trachea and main bronchi were opened from the posterior aspect, and the specimens pinned out for inspection with the dissecting microscope. In patient number 12, where there had been a tracheo-oesophageal fistula, the specimen was opened from the anterior aspect. Blocks were taken from five regions of the main bronchi and trachea as follows (Fi6'ure 1).
Section 1
Left main bronchus.
Section 2
Right main bronchus.
Section 3
Trachea just above carina, except in number l2 where it was just above the recurrent tracheooesoph8 geal fistula.
Section 4
l\Iid-trachea.
Section 5
Just below the cricoid cartilage.
Horizontal sections were taken through the trachea and stained with haemotaxolin and eosin. In some cases blocks had been removed from the trachea previously for histological Classification of Changes Seen 
7 days
Coarctation of I R-2 J{-2 R-3 R-1 R-2 I mid 12 aorta S-I S-2 S-l S-2 S-1 Prematurity S-l (36/52). Septicaemia 7 2 days 9 days --11 days Meningitis R-4 R-l R-3 R-3 R-4 S-3 S-l S-l 8 2 days 21 days --23 days Prematurity R-4 R-3 R-l R-l R-3 (26/52).
S-l S-3 S-3 S-l Peritonitis 9 3 days 13 days --16 days Prematurity R-3 R-2 R-2 R-2 R-3 (28/52).
S-l S-2 S-l S-2 S-l P.D.A.
SS-l 10 4 days 20 days --24 days Prematurity R-3 R-l R-l R-l R-2 (30/52).
S-l S-3 S-3 S-3 S-2 SS-l SS-I N-l 11 6 days 8 days --14 days Prematurity R-4 R-3 R-l R-l R-3 (26/62).
S-l S-3 S-3 S-l Peritonitis 12 8 days 34 days -
S-3 S-2 S-3 S-4 S-3 SS-l 13 11 days 13 days - study, and where this prevented the sections being cut for this study those particular sections were omitted.
The sections were inspected by both of us using a double headed binocular microscope. The degree of metaplasia and ulceration or necrosis as well as the extent of these lesions was classified according to the following system. (a) JletaplaSl'a 1. Normal respiratory epithelium (R, Table  1 ; Figure 2a ). There was a single layer of columnar epithelium with evidence of cilia. 2. "Squamoid" epithelium (S, Table 1 ; Figure 2b ). The epithelium was multi layered, the columnar appearance was replaced by that of rounder cells, and there was no evidence of cilia. The extent of this change varied from a simple increase in cellularity and loss of cilia to heaped up epithelium which was not easily distinguishable from squamous epithelium. This epithelium has the same appearance as "transitional epithelium" seen in the urinary bladder. The term "squamoid" is used to distinguish this epithelium from bladder epithelium.
,.'. . 3. Squamous epithelium (SS, Table 1 ; Figure  2c ). The cellularity had extended to stratification with almost cornification of the external layers in extreme cases. Prickle cells were observed.
(b) Mucosal loss 1. Ulceration (U, Table 1 ). The entire mucosa was absent, but there was no evidence of necrosis of the underlying tissue. It was often difficult to distinguish between ulceration and artifact due to postmortem loss of the surface layer. 2. Necrosis (N, Table 1; Figure 3 ). The loss of tissue extended to the submucosal layers and was usually associated with infiltration of inflammatory cells.
(c) The extent of the lesions
In each section the extent of the mucosa which was involved in each of the above changes was graded according to the following:
1. Less than one third of the circumference. 2. Between one third and two thirds of the circumference. 3. More than two thirds of the circumference. 4. The entire circumference. As each category covers a wide range, it is possible for more than one lesion to be categorized as extent 1 (less than one third), but the two together still do not exceed one third of the circumference. Thus the total figures in one section may add up to more than four.
RESULTS
The classification of type and extent of mucosal changes is set out in Table 1 . In patients Nos. 6 and 16, previous blocks had been removed from the trachea; these sections were not included in the study. Group 1. Intubated for resuscitation only.
Respiratory mucosa was seen in all sections in this group. Small areas of mucosal ulceration were seen in the tracheal sections in patient No. 3, who was intubated for resuscitation only. Sections 3 from this patient, where there was superficial loss, showed a mitotic figure at the edge of the area of ulceration. In the trachea (Sections 3,4 and 5) from patient No. 2, who was also briefly intubated, there appeared to be some swelling and interstitial oedema of the respiratory epithelium, possibly related to trauma.
Group 2. Intubated 8 to 12 hours.
Superficial ulceration was seen in most sections in both these patients as well as very early squamoid change.
Group 3. Intubated for more than one week.
In this group, squamoid change was seen in some sections from each patient. Squamous epithelium was seen in four patients. However, there was a moderate amount of respiratory epithelium still to be seen; in patients 7 and 8 the left main bronchus appeared normal, and in patients 7 and 10 the sub cricoid region appeared normal. In some mid-tracheal sections, particularly in patient No. 9, there was squamoid epithelium on one side and respiratory epithelium on the opposite side. Ulceration was seen in one patient (No. 6), and necrosis involving the deeper tissues in another (No. 13). Both these patients had generalized bacterial infection just before death.
Group 4. Intubated more than one week; extubated. In patient No. 17, extensive squamous and squamoid changes were seen. This patient had been extubated for only seven days, after a period of 21 days intubation. By contrast, almost all the epithelium was normal in patient No. 15, and in No. 16 the squamoid lesions appeared to be healing with ciliated epithelium developing on the surface. These two patients had been extubated for 57 and 29 days respectively. After a period of 45 days extubation, patient No. 14 was re-intubated for about 3i hours before death. Although there was much normal respiratory epithelium, significant squamoid change remained, and there was some ulceration and deeper necrosis in this patient.
CHANGES IN THE MAIN BRONCHI
There was an apparent difference in the degree and/or extent of the lesions in the left and right main bronchi in the patients of Group 2 and Group 3 (Table 2 ). There was no difference in Group 1. In Group ~ the ulceration was circumferential in the section of the right main bronchus in one patient, and early squamoid change was more extensive in the right than in the left in the other. In Group 3 the squamoid or squamous change was more apparent in the right main hronchus than in the left in seven of 4,
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the eight patients. In Group 4, squamous change was more marked in the right main bronchus in patient Xo. 17, who had been extubated for only seven days, although ulceration was seen in the left but not in the right main bronchus in this patient. l:lceration was seen in the right main bronchus, but not the left, of patient Ko. 14, who had been rc-intubated for a few hours. Both main bronchi were normal in patient ~o. 15, and in ::\0. 16 the healing squamoid changes appeared more extensive in the left main bronchus than in the right.
l'LCEHATION Superficial ulceration was seen more commonly in those patients who had recently been intubated. It was seen in three tracheal sections in one of the patients in Group 1, who had been briefly intubated, and in all sections except one in Group 2. There was ulceration in only one patient in Group 3 and two in Group 4; it occurred in only one section in each patient. One of these patients in Group 4, No. 14, had been re-intubated before death. The patient in Group 3, No. 6, had suffered from septicaemia before death.
INFECTION AND NECHOSIS
Four patients, Nos. 6, 8, 11 and 13, had overwhelming infection just before death. No. 6 was the only patient in Group 3 with superficial ulceration; there was inflammatory infiltration in the region of the ulcer. Only two patients showed evidence of necrosis involving the deeper tissues, and one of these was No. 13, who had overwhelming infection. In patient No. 14 in Group 4 in whom ulceration and necrosis was seen, there was also inflammatory exudate, although there had been no obvious clinical evidence of overwhelming infection before death. However, there had been an episode of inhalation of gastric contents within a few hours of death.
LESIONS OF UPPER AND LOWER TRACHEA
An attempt was made to compare the lesions ill the upper trachea, section 5, with those near the carina, section 3, in order to distinguish lesions which were likelv to have been caused by suction catheters or the movement of the tip O' f the tube rather than by the tube itself. There was no obvious difference ill Group 1, and in Group 2 the lesions were more severe in the upper and the lower section in each patient respectively. However, in Group 3 it appeared that the lesions were more severe in the lower trachea in five of the seven patients in whom these sections were made. In No. 6, the upper and lower tracheal sections were missing, and in patient No. 1:!, there was no apparent difference. In patient Xo. 13, the upper lesion appeared more severe. In Group 4, on the other hand, the upper lesions appeared more severe in two patients and there was no apparent difference in another two.
DISCl'SSIOX
The use of an indwelling nasotracheal tube rather than a tracheostomy for maintenance of an artificial airway in newl;o[J1 infants has been standard practice for some years (Allen and Steven 1972, Stocks 1973) . Although complications have been described, they are fewer with this method than with trache(;stomy, provided soft tubes of non-irritant material and of appropriate size are used. \Vhether a nasotracheal tube or a tracheostomy is used, there is a foreign body in the trachea, and, because this interferes with the normal ciliary movement of mucus, catheters must be passed intermittently to remove it. Lindholm (1969) has described the laryngeal complications of nasotracheal intubation; his series contains 12 postmortem studies on infants. Our study was undertaken to obtain information on the natural history of the tracheal response to prolonged intubation in newborn infants under our care. Squamous metaplasia in various forms has been described in the tracheobronchial tree in association with respiratory infection and with artificial airways, both tracheostomy and nasotracheal tubes. Sara (1967) suggested that lack of humidification was partly responsible for the squamous changes associated with tracheostomy, but trauma associated with suction may be more significant (Sara and Reye 1969) . There is evidence that dry gas will cause early metaplastic changes in tracheal mucosa whereas humidified gas will not (Toremalm 1961 , Chalon, Loew and Malebranche 1972 , Forbes 1973 . In all our patients saturated gas was delivered to the endotracheal tube at a temperature of at least 32° C using the Fisher and Paykel humidifier (Spence and Melville 1972, Fisk and Vonwiller 1972) .
This should maintain adequate humidification in the trachea (Dery 1971 , Shanks and Sara 1974 . We believe that the changes observed were due to mechanical trauma from suction and the presence of the endotracheal tube.
The changes seen in the patients who had been intubated for a short period suggest that ulceration and loss of respiratory epithelium occur very early. The response of the mucosa appears to be proliferation of cells and production of a multi-layer cuboidal epithelium which we have termed "squamoid", but which has the appearance of the" transitional epithelium" of the urinary bladder; this metaplasia eventually leads to production of frank squamous epithelium. A striking finding in this study was the variation in distribution of these changes. Thus, in the same section of the trachea, virtually normal respiratory epithelium could be seen in one part of the section, and frank squamous epithelium in another. Figure 4 shows a transition from respiratory to squamoid epithelium. We have attempted to grade the severity and the extent of the lesions in order to compare the severity of the changes in the various sections.
It appears that changes are much more extensive in the right main bronchus than the left main bronchus in infants who have been intubated for more than one week. Studies with a fibre-optic bronchoscope of intubated adults and of dogs (Amikam et al. 1972) have suggested that changes occur more readily in the right main bronchus than the left, and that this is due to trauma from suction. J oshi et al. (1972) suggested that trauma to the lower trachea and bronchi was due to movement of the tip of the tube, but it would be more likely due to the fact that suction catheters entered the right main bronchus more easily than the left. Bush (1963) demonstrated that a catheter passes into the right main bronchus rather than the left in the newborn infant as it does in older patients. There is a similar but less obvious difference between the lesions in the upper and lower trachea, which also suggests that suction may be responsible.
The patients in Group 4 who died some time after the period of tracheal intubation can give us an estimate of the rate at which the changes may return to normal. In the patient who died seven days after extubation, the trachea and bronchi were similar to those in patients who died during intubation, In another patient, there was evidence of much healing after 29 days, and the epithelium was almost normal after 57 days in another. The patient whose mucosa still showed significant squamoid change 45 days after extubation had had chronic respiratory problems, and there was evidence of pulmonary damage associated with mechanical ventilation and high oxygen concentration. Postmortem changes in this patient's lungs confirmed the presence of "bronchopulmonary dysplasia" (Northway, Rosan and Porter 1967) .
The ulceration observed after short periods of intubation appears to progress to healing by squamous metaplasia. It is of interest that necrosis involving tissues deep to the mucosa was seen only in two patients; one had generalized septicaemia before death and the other had inhaled gastric contents a few hours before death.
Our findings support those of others tha.t, despite the benign clinical course in most surviving patients after prolonged nasotracheal intubation, marked changes occur in the trachea and main bronchi in response to this treatment. We believe that the use of suction catheters is responsible for much of the damage seen. It is prudent to limit the use of suction catheters, but the presence of an endotracheal tube prevents the normal ciliary clearance of mucus, and occasional suction is necessary. If the inspired gases are adequately humidified, blockage of an endotracheal tube by secretions that cannot readily be cleared by suction is now a rare event. Suction catheters for adults have been developed (Landa, Amikam and Sackner 1971) that prevent suction being applied directly to the mucosa. Such equipment has only just become available for the small tracheal tubes used for infants, and will need careful evaluation. Our previous studies have suggested that, in order to prevent undue reduction of pressure in the trachea, suction catheters no larger than 5 French gauge should be used for tracheal suction in newborn infants, and that the suction pressure should be limited (Poole, Abrahams and Fisk 1974) . It may be that tracheal intubation and suction are more hazardous in patients with generalized infection.
Our observation that mucosal changes are more extensive in the right main bronchus than the left has led us to modify the management of newborn infants who develop atelectasis of the right upper lobe after a period of tracheal intubation. A number of infants develop atelectasis of the right upper lobe or the whole right lung within 72 hours of extubation, requiring a further period of intubation. Occasionally, this episode of atelectasis was repeated after further extubation. We believe that this may be associated with damage to the right main bronchus as well as the fact that drainage of the right upper lobe may be less efficient than that of the left. Accordingly, we now provide active physiotherapy for all infants after extubation, with a view to maintaining drainage and expansion of the right upper lobe. A chest X-ray is taken daily for the first three to four days. If collapse of the right upper lobe occurs and respiratory difficulties develop, the patient may be intubated briefly for tracheal suction; the tracheal tube is then removed, so that damage to the right main bronchus is not continued. Since adopting this practice, we have not had to recommence prolonged intubation for atelectasis of the right upper lobe, and no patient has required more than two episodes of brief intubation for suction.
